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AIR FORCE QUALIFICATION TRAINING PACKAGES
for
HVAC/REFRIGERATION
(3E1X])

INTRODUCTION

Before starting this AFQTP, refer to and read the “ Trainee/Trainer Guide” located on the AFCESA
Web site http://www.af cesa.af.mil/

AFQTPs are mandatory and must be completed to fulfill task knowledge requirements on core
and diamond tasks for upgrade training. 1t is important for the trainer and trainee to understand
that an AFQTP does not replace hands-on training, nor will completion of an AFQTP meet the
requirement for core task certification. AFQTPs will be used in conjunction with applicable technica
references and hands-on training.

AFQTPs and Certification and Testing (CerTest) must be used as minimum upgrade
requirements for Diamond tasks.

MANDATORY minimum upgrade requirements:

Coretask:
AFQTP completion
Hands-on certification

Diamond task:
AFQTP completion
CeaTest completion (80% minimum to pass)

Note: Trainees will receive hands-on certification training for Diamond Tasks when equipment
becomes available either at home station or at a TDY location.

Put this package to use. Subject matter experts, under the direction and guidance of HQ
AFCESA/CEQT, revised this AFQTP. If you have any recommendations for improving this document,
please contact the HVAC/R Career Field Manager at the address below.

HQ AFCESA/CEOT
139 Barnes Dr. Suite 1
Tyndall AFB, FL 32403-5319
DSN: 523-6421, Comm: (850) 283-6421
Fax: DSN 523-6488
E-mall: ceott.hel pdesk @af cesa.af.miil

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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TROUBLESHOOT

CORRECT MALFUNCTIONS

Task Training Guide

STS Reference 17.5.1. Troubleshoot
Number/Title: 17.5.2. Correct Mafunctions
Training References: - AFIMAN 32-1093; Modern Refrigeration & Air Conditioning;

Principles of Refrigeration Control Systems for HVAC; Automatic
Controls for Heating and Air Conditioning; Environmental Systems

Technology

Prerequisites: - Possessasaminimum a3E131 AFSC.

Equipment/Tools - Personnd Protective Equipment

Required: - Standard HVAC/R Tool Bag

L ear ning Objective: - Trainee will know the steps to safely troubleshoot and correct
mafunctions on HVAC Control Systems.

Samples of Behavior: - Trainee will be able to troubleshoot and correct malfunctions on

HVAC Control Systems.

Notes:

Any sfety violation is an automatic falure.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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TROUBLESHOOT
CORRECT MALFUNCTIONS

Background: Troubleshooting and correcting mafunctions of control systems is one of the main
concerns you will have in your job. In this AFQTP, you will learn about some common problems
with pneumatic, dectricd, dectronic, and direct digital control sysems and how to correctly
resolve them.
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Figure 1, Pneumatic Control System

Pneumatic Control Systems. We approach troubleshooting of pneumatic controls with aZ to A
concept. First, we check the controlled device (valve or damper operator/actuator) for proper
spring range and lubrication. Next, we check the controller for proper operation. Last, we check
the *sensor (tranamitter) to see whether it is producing the proper pressure for the temperature
measured. Follow these procedures after you have checked the air supply to see whether it is
operationd. Figure 1 shows a block diagram of a pneumatic Control System. Figure 2 shows a
controlled device.
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Fird, let’s discuss the procedure for checking a controlled device. As you know, there are many
different spring ranges for controlled devices. For you to check these spring ranges, you must have
some sort of measurable ar supply.  One suggestion is to utilize a hand held aspirator like the
device used to measure blood pressure. Make sure that the aspirator used has a gauge for
pressure, this will ad in recording the pressure.  Disconnect the branch line coming from the

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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controller and attach the aspirator to the controlled device. Pump up the air pressure till the
controlled device vave stem darts to move. Record the pressure.  Continue to increase the
pressure until the controlled device vave stem has stopped and record this pressure. These two
pressures are the spring range of the controlled device. The spring range of the actuator restricts
movement to the controlled device to within limits. Some typica spring ranges for pneumatic
actuators are 3 to 7 psg, 3to 8 psg, 8 to 13 psig, and 9 to 13 psig. Figure 3 shows an interna
view of acontrolled device.

Example Asyou pump the aspirator the vave begins to open at 8 ps, you continue to pump the
aspirator and the stem stops a 13 ps.  This means your spring range is from 8 to 13 ps.
Remember this is an example only and other pressures then what's given may be recorded. The
key issue isto know the actua spring range you have,
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Figure 3, Internal view of a Controlled Device

Don’t confuse spring range with pressure range. Pressure range is the change in
pressure necessary for the controller output to change over the throttling range. For
example, in a 3to 15 ps system, the pressurerangeis 12 psi.

If this is not the spring range you want, you have two options. You can replace the controlled
device or spring or you can recdibrate the controller, usng the newly found spring range.
Reconnect the branch line to the controlled device and move upstream to the controller. The
controller, if athermaostat or remote bulb, can be checked asfollows:

1. Adjust the set point did to the ambient-measured conditions.

2. Check the output pressure of the controller. If the pressure is the pressure you want (Pcal),
then the controller isin cdibration.

3. If the pressure is not the pressure you want (Pca), refer to the cdibration procedures to
recalibrate the controller.

4. If you have a sngle-input recever controller indaled in the sysem and you need to
troubleshoot it, disconnect the sensor and connect a pneumatic Smulator to Smulate set point
and Pcd conditions.

5. Oncethe smulator is connected, dia in the set point pressure and check the output pressure.
It should be Pcdl.

6. If the pressureisnot Pcd, recalibrate.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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7. Once you are sure the controller isin caibration, reconnect the sensor to the proper port.
8. Check the sensor.
9. Use the same pneumatic smulator and disconnect the sensor from the controller.
10. Connect the pneumatic Smulator to the sensor.
11. Measure the ambient condition of the sensor.
12. Use following equation to find the pressure that should be coming out of the sensor at the
present ambient condition: Pout = SENs (Tm - Tref) +3
13. Example: If atransmitter (sensor) sees a temperature of 80 F, the output pressure is: Pout
= .24 (50 degree span of transmitter and produces asigna of 3to 15 ps) (80-50) +3 =
10.2 ps
14. If the sensor is producing the correct pressure, reconnect it to the controller and move on to
some other areafor a problem.
15. If the sensor is not producing the proper pressure, adjust it if the sensor is adjustable.
16. If the sensor is not adjustable, replaceit.

For a dual-input receiver controller, use the same pneumatic smulator, but use two
simulators—one for each sensor. Follow the same troubleshooting procedure listed
for the single-input controller.

Toget SENs. sensor output span / degree span of sensor (12 /50 = .24)

Troubleshooting the adapters (rlays) in a system is very smple.  Fird, you must know whét the
adapter is st up to do. Let's take a reverang relay as an example. To verify that the rday is
working correctly, you would have to know the desired output signd for each input signd. In other
words, at zero input sgnd what would my output signd be, and a 25 % of my input sgnd what
would my desired output signd be. This would carry on for 50%, 75%, 100% and the reverse.
Remember, for each input you must adjust the relay to produce the required output pressure. If the
relay is unrespongve, replace with new relay.

Electrical Control Systems. Troubleshooting eectrica controls is a process of dimination,
darting at the input power source and working through the system until the problem is found. You
may find afuse blown or a burned out controller when you troubleshoot eectrica control systems.
If you encounter these problems, you must aso find out why the fuse was blown or the controller
was burned out.

Two Pagtion Controls Two-position controls are some of the simplest controls to check. WEll
look a on-off controls both with and without differentials. Y our first step in troubleshooting a two-
position control without a differentia is to see that the switch opens and closes at the right points.
If you turn the switch to the ON or OFF position, the operating equipment should run with the
contacts closed or sop when they open. If you suspect this control of operating improperly, and
the rest of the circuit has checked out, then you must check the control.

To gart, disconnect the wires from the control, and then connect the ohmmeter between the switch
terminds. Turn the switch to the OFF postion; contacts will be open insde the switch and the
ohmmeter will read infinity, or no continuity. Turn the switch to the ON postion; contacts will

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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close, your ohmmeter will reed zero (showing there is continuity or a path for eectric current). If
you don't get a change in reading or the readings are different the control has an internd
mafunction. Try holding one of the meter leads on the switch termind and touching the outsde
casing of the control; any movement of the needle could mean the switch has shorted out internaly
to the caang. Replace the switch if you get this reading.

For a control with adifferentid, first check the operation by raising and lowering its set point to the
open and close postions. If you think the control is operating improperly, check it for the same
reading you did above, but this time raise or lower the set point more or less than the differentid.
While you' re doing this, you should not get a change of reading until you reach the opposite setting.
For example, if a control turns off a 100°F and has a subtractive differentid of 20 F, it will gart
the equipment at 80°F. With the set point at 100°F and the meter leads on the termindls, you then
lower the set point until the meter reading goes from infinity to zero. The meter should not go to
zero until you reach the ON podtion. If it does, the control has an internal mafunction. Always
verify the type of control and check manufacturer’ s ingtructions when troubleshooting controls.

Proportional Controls. A proportiona control (Figure 4) is when a controlled device is

positioned proportiondly in response to changes in a controlled variable. In troubleshooting a
proportiona control, make sure the modulating motor moves the damper or valve fully open or

fully closed at the proper setting. If the motor runs in the right direction when you adjust the st

point, you can assume the control is operating properly. If it runs in the wrong direction, reverse
the two end wires to the potentiometer in the control. Observe the motor’'s action to see if it

stabilizes the damper or vave.

If you suspect a proportioning control is operating improperly, you can check it further with an
ohmmeter. Disconnect the wires from the control (terminds W, R, B) and connect the ohmmeter
leads to terminds W and B. The reading should be about 135 ohms—standard on most
proportioning controls (check the manufacturer’ s specification). If you get areading of zero ohms
or infinity, you've found the problem—bad potentiometer. If your reading is within the 135 ohms,
then connect one lead to terminad R and the other to W or B. Now turn the adjustment screw to
move the set point to the opposite end of the other lead. Again you should read 135 ohms.
Sowly lower the control’s set point, watching the reading. The resstance should drop dowly until
you reach the opposite end, where your reading will be zero ohms. If the reading drops while you
are lowering the set point before reaching the other sde, the potentiometer is bad. Remember to
handle these controls and al controls carefully.  Always follow the manufacturers ingtruction’s for
any control you are troubleshooting.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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Figure4, Proportional Control System

Electronic Control Sysems. This area provides information about eectronic control systems
used on HVAC equipment. An eectronic control sysem has a sensor, a controller, and a
controlled device, (See Figure 5 below). Thetype of power for an eectronic control system is low
amperage or low voltage dectricity (normally 4 to 20 milliamps dc or 0 to 15 volts dc).
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Figure5, Electronic Control Sysem

Sensors. A sensing dement gives a controller information on changing conditions. Analog sensors
are used if the conditions, such as pressure or temperature, are continuoudy changing. Some
electronic sensors use an inherent attribute of their materia, such as wire resstance, to provide a
signal and can be connected directly to the eectronic controller. Other sensors require conversion
of the sensor Sgnd to atype or leve that can be used by the controller. For example, a sensor
that detects pressure needs a transducer (also called a transmitter) to convert the pressure signd to
avoltage that the controller can use.

NOTE
A transmitter when referred to in electronics is a device that converts one energy form
to another or amplifies an input or output signal.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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THERMISTORS POSITIVE RTD

L h

These sensors, in most cases, are resigtors that change their resstance as the measured variable
changes. The most common variables are temperature and humidity. Unlike pneumatic sensors,
an eectronic sensor cannot be connected to more than one controller. Electronic sensors must be
disconnected from the controller before their resistance can be measured.

Electronic Temperature Sensors are made of speciad materids that change resistance when the
temperature changes. They are commonly called resstance temperature devices (RTD) and

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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have no moving parts and usudly have no cdibration adjusment. Most sensor materias increase their
resistance as the temperature increases, and the reverse is true as the temperature decreases.
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Figure6, Typical Sensor Resistance Graphs

A few manufacturers use sensors caled “thermistors’ that decrease their resistance as the temperature
increases. The resistance of any sensor can be predicted by this equation:

Rs=[(Tm —Tref) x ROC] + Rref

Where:
Rs = Sensor resistance

Tref = Reference temperature: specified by the sensor manufacturer

Tm = Temperature measured

ROC = Rate of change, specified by the sensor manufacturer

Rref = Resstance of the sensor at the reference temperature, specified by the manufacturer
Figure 6 shows the relationship between temperature and sensor resistance for Thermistors and RTDs.

For example, a Barber Colman sensor (made by Balco) has a 1,000 ohms reference resistance or Rref
at 70°F that is the reference temperature or Tref, and it has arate of change of 2.2 ohms per degree F.
To find the resstance at 80°F, subgtitute in the above equetion:

Rs=[(80-70) x 2.2] + 1,0000hm Rs= 1,022 ohm

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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Temperature sensors comein many shapes and sizes, depending on the gpplication (See Figure 7). If
you have doubt that a sensor is working use the equation aong with checks a severd different
temperatures. Y ou can achieve this by usng a good digital thermometer, ohmmeter, and steady way of
changing the temperature surrounding the sensor, i.e., increase or lower room temp, hold in hand, or
blow warm or cold air on sensor and thermometer. Manufacturers of control systems sometimes supply
a performance chart of temperature to resistance val ues.

Humidity sensors are unique components, and it is very important that specific manufacturer
ingructions be followed. Humidity sensors are sengtive to dirt and vibration, and they tend to drift out
of cdibration with time. For this reason they must be handled carefully and their cdibration checked
frequently. A good way to find out if your humidity sensor is out cdibration is to place a cdibrated
humidity/temperature recorder or hygrometer in the room (near the sensor if the sensor is located in the
room). Let it take readings for a least 24 hours, then compare the set point to what you have on the
humidity/temperature recorder chart. For faster checks and corrections use a high qudity hand held
hygrometer and make adjustments according to the manufacturer’s recommendations. Figure 8 and 9
show severd versions of Humidity Sensors.

TCS/1200 He
General Purpose, Relative Humidity

Figure 8, Humidity Transmitters Figure 9, Humidity Sensor

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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Figure 10, Electronic Controller

Electronic Controller. The dectronic controller (Figure 10) receives a sensor signd, amplifies and/or
conditions it, compares it with the sat point, and derives a correction if necessary. This is cdled the
input sgnd. The output sgnd typicdly podtions a motor actuator. Electronic controllers are
categorized by the type or types of inputs they accept such as temperature, humidity, or enthapy.

To test eectronic controllers you must first know the sequence of operation (how and what the system
is desgned to do). The reason behind this is you would be hard pressed to find a angle controller that
can do three different tasks such as temperature, humidity and enthalpy al under one cover. So
chances are that one controller will be working in conjunction with at least one or two more controllers.
After you know the sequence of operation you can write down the ambient conditions, calculate inputs
and outputs, and compare them to what the system is actudly doing. Questionsto ask yoursaf may be
“are the contrallers caling for heating or cooling?”, “should the humidifier be ON or OFF at thistime?”,
“what position should my dampers be in a this moment?’. There are plenty more questions that could
be asked, but hopefully you get the point. If the ambient conditions don’'t match up with the positions or
operations of the contraller, you must systematically troubleshoot the control system down to the actud
controller causing the problem. Use manufacturer’s guides and specifications for the type of controls
you are working on.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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Figure 11, Electronic Control Devices

Electronic Contral Device (Figure 11). Actuators, relays, and transducers are output devices that
use the controller output sgnd (voltage, current, or relay contact) to do a physica function on the fina
control eement such as garting afan or modulating avave. Actuators can be divided into devices that
provide two-position action and those that provide modulating action. If you are experiencing problems
with the control device you must first make sure your controller is sgnaing for the device to Sart or
modulate. Next, you must know what output from the controller you're looking for; milliamps (mA),
volts (V-OUT), pneumatic pressure (P-OUT). If you are receiving the specified signa and the control
device dill is not operating, you must then troubleshoot the device. For eectronic devices you must rely
upon your eectrica troubleshooting knowledge. For mechanica problems you must use your problem
solving ills.

P CONIRCL OUTPUT VALVE

ACTUATOR
l‘=|:}§ D MICROPRCCESSOR -
=i

SEMBORA

“HAN’EDI..K:EH
""""""'El""_'\._.-' |“ “ ”vm_uem

FEF‘FEBEMTA'I'H:IN
OF VALLES

Courtesy of Honaywall Inc. SIS 1 A3 TE

Figure 12, Typical Direct Digital Controller

Direct Digital Control. A direct digita controller receives dectronic signds from sensors, converts
electronic sgnds to numbers, and does mathematical operations on these numbers insde the computer
(See Figure 12). The output from the computer takes the form of a number, and can be converted to a
voltage or pneumatic signd to operate the actuator. The digital controller must sample its data because
the computer must have time for other operations besides reading data. If the sampling intervd for the
digitd controller is chosen properly, no sgnificant degradation in control performance will be seen due
to sampling. See figure 13 for typicd sampling scheme.
Note:
Sampling means that the computer periodicaly reads all inputs, recalculates the program using new
data, and adjusts the outputs accordingly.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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Troubleshooting and correcting mafunctions with DDC can range from easy to difficult because of the
many systems currently on the market. To add to this, manufacturers have custom made software to fit a
particular building or specid application. Digital controllers are consarvatively desgned and often
incorporate self-checking festures so they notify the operator immediatdly if anything goeswrong. Input
and output circuits are filtered and protected from extraneous sgnals to assure religble information to the
processor.  Any troubleshooting of the microprocessor should be done with the manufacturer’s
technica guidance for the system having difficulties.
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Figure 13, Typical Sampling Scheme

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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Review Questions

TROUBLESHOOT
(3E1X1-17.5.1)

CORRECT MALFUNCTIONS
(3E1X1-17.5.2))

Question Answer
1. Troubleshooting of pneumatic controlsshould | a. Z to A concept
be approached from what concept? b. A toZ concept
c. 1,2,3 concept
d. 3,2,1 concept
2. What should be checked first when a. Theair supply
troubleshooting a pneumétic system? b. Spring Range
c. Controller
d. Trangmitter
3. Where should the aspirator hose be connected | a.  Digphragm of the controlled device.
to supplement as a source of ar supply to b. In-line connection of the controlled device.
check the spring range of a controlled device? | ¢. Branch line connection of the controlled
device.
d. Branch line connection of the vave sem.
4. What are some of the typica spring rangesof a | a. 3to 7 psig, 3to 8 psig, 8to 13 psig, and 9to
controlled device? 13 psg
b. 1to3psg, 6to 12 psdg, .5t0 7.5 psgand
13to 18 psig.
c. Low psg., med. Psg., high psig
d. All of the above.
5. If you have asngle-input controller inddledin | a.  Connect the sensor and disconnect a
the system and you need to troubleshoot it, you pneumatic Smulator to Smulate set point and
should Pcd conditions.
b. Reconnect the branch line to the controlled
device.
c. Disconnect the sensor and connect a
pneumatic Smulator to smulate st point and
Pcd conditions.
d. Connect the hydraulic smulator and look for
leaks.
6. When troubleshooting a dud-input receiver a. Two smulators, one for each sensor.
controller how many pneumatic Smulators b. Three amulators; one for each sensor.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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Question Answer

would you need? c. Four smulators; one for each sensor.
d. Onesmulator; for the main sensor.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.

17-18




AFQTP 3E1X1-17
17.5.

Review Questions

TROUBLESHOOT
(3E1X1-17.5.1)

CORRECT MALFUNCTIONS
(3E1X1-17.5.2))

7. What isthe firg thing you should know before | a  Output pressureis correct.
troubleshooting adapters (relays) such as b. What the adapter isset up to do inthe
reverse relays? system.

c. Modulating motor moves the damper.

d. Typica soring range.

8. Introubleshooting a two-position control a. Switch opensand closes a the right points.
without a differentid you should first see that b. Switch stays closed.
the c. Controller is present.

d. Contacts are open.

9. How would you test with a ohmmeter to see a. Hold onelead on the switch termind and
whether or not atwo position control switch is touch the other on the ingde casing of the
shorted out interndly to the casing? control.

b. Hold one ohmmeterslead on the switch
terminal and touch the other on the outside
casing; any movement of the needle could
mean the switch is good.

c. Hold one ohmmeters lead on the switch
terminal and touch the other on the outside
casing; any movement of the needle could
mean the switch is bad.

d. Hold onelead on theinsde casng, any
movement of the needle the switch is bad.

10. In troubleshooting a two-position control witha | a. 90°F
differentid, if a control turns off at 100°F and b. 80°F
has a subtractive differentid of 20°F, at what c. 70°F
temperature should the equipment start? d. 79°F

11. In troubleshooting a proportiona control, you | a.  Fully open and fully closed & the proper
should make sure the modulating motor moves SHiting.
the damper or valve b. Fully closed at the proper setting.

c. Haf open and fully closed at the proper
Sting.

d. None of the above.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace

hands-on training. It isto be used in conjunction with these for training purposes only.
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17.5.
Review Questions
TROUBLESHOOT
(BE1X1-17.5.1)
CORRECT MALFUNCTIONS
(3BE1X1-17.5.2)
12. What should you do if aproportiona control a. Replace the two end wiresto the
motor runsin the wrong direction? potentiometer in the contral circuit.
b. Replace proportiona control motor.
c. Reversethetwo end wiresto the
potentiometer in the control circuit.
d. Adjust st point.
13. If you recaeive areading of 135 ohmsfromyour | a. discarded or thrown away.
ohmmeter while testing between terminals W b. assumed good.
and B on aproportiond control motor, the C. repaired.
motor should be : d. usedfor parts.
14. If you get areading of zero or infinity on your a.  Maeter leads bad
ohmmeter while testing between terminals W b. Bad potentiometer
and B on a proportiona control motor, what is | c. Motor shorted
the most probable cause of the problem? d. Open capacitor
15. What are the three components that make up a.  Set point adjustment, Heating system and ac
an eectronic control system? power input.

oo

Output, digita controller and control device.
Sensor, eectronic controller and fina control
device.

Foor sensor, manua controller, and cold
water supply.

16. The power source for an e ectronic control
sysemis

Low amperage (4 to 20 mA dc) or low
voltage (0 to 15 volts dc).

High amperage (4 to 20 mA dc) or high
voltage (0 to 15 volts dc).

Low amperage (4 to 20 mA dc) or high
voltage (0 to 15 volts dc).

High amperage (4 to 15 volts dc) or low
voltage (4 to 20 mA dc).

17. What type of electronic sensors are used if
conditions, such as pressure or temperature,
are continuoudy changing ?

SQ ™o

Digital sensors

Analog sensors
Manual sensors
Voltage sensors

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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17.5.

Review Questions

TROUBLESHOOT
(3E1X1-17.5.1)

CORRECT MALFUNCTIONS
(3E1X1-17.5.2))

18. What isaRTD? a. Resigtance temperature device that changes
resistance as the temperature increases.

b. Resstance temperature device that changes
resistance as the temperature decreases.

c. Resigtance temperature device that changes
resi stance as the temperature changes.

d. Radioactive Temperature Detector.

19. What is the difference between athermistor and | & Thermistors increase thair resistance asthe
anRTD? temperature increases.

b. Thermistors decrease their resistance asthe
temperature increases

c. Thermigors decrease thair resistance as the

temperature decreases.
d. Thermigorsincresse their resstance asthe
temperature decreases.
20. Humidity sensors are sengtive to dirt and a True
vibration, and they do not tend to drift out of b. Fase

cdibration.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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17.5.

TROUBLESHOOT
(3E1X1-17.5.1)

CORRECT MALFUNCTIONS
(3E1X1-17.5.2))

Performance Checklist

Step Yes No

1. Demondrate troubleshooting a pneumétic control system.

2. ldentify mafunctioning components.

3. Demondtrate troubleshooting a dectrica control system.

4. Identify mafunctioning components.

5. Demondrate troubleshooting a electronic control system.

6. ldentify mafunctioning components.

7. Demondrate troubleshooting of direct digital control system.

8. Identify mdfunctioning components.

9. Utilized necessary safety precautions to prevent persond injury or
damage to control systems.

FEEDBACK: Traner should provide both postive and/or negative feedback to the trainee
immediatdy after the task is performed. This will ensure the issue is Hill fresh in the mind of both the
trainee and trainer.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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HVAC CONTROL SYSTEMS

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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KEY

TROUBLESHOOT
(3E1X1-17.5.1)

CORRECT MALFUNCTIONS
(3E1X1-17.5.2))

Question Answer

1. Troubleshooting of pneumatic controls should Z to A concept
be approached from what concept?

2. What should be checked first when Thear supply
troubleshooting a pneumétic system?

3. Where should the aspirator hose be connected Branch line connection of the controlled
to supplement as a source of ar supply to device
check the spring range of a controlled device?

4. What are some of the typical spring ranges of a 3to7psg, 3to8 psig, 8to 13 psig, and 9
controlled device? to 13 psig

5. If you have asingle-input controller ingtaled in . Disconnect the sensor and connect a
the system and you need to troubleshoot it, you pneumatic Smulator to smulate set point and
should : Pcal conditions

6. When troubleshooting a dud-input receiver Two smulators, one for each sensor
controller how many pneumatic Smulators
would you need?

7. What isthe firg thing you should know before . What the adapter isset up to do inthe
troubleshooting adapters (relays) such as system
reverse relays?

8. In troubleshooting a two-pasition control Switch opens and closes at the right points
without a differentid you should first see that
the :

9. How would you test with a chmmeter to see Hold one ohmmeter lead on the switch
whether or not a two-position control switch is terminal and touch the other on the outside
shorted out interndly to the casang? casing; any movement of the needle could

mean the switch is bad

10. In troubleshooting a two-position control witha | b. 80°F
differentid, if a control turns off a 100°F and
has a subtractive differentid of 20°F, at what
temperature should the equipment start?

11. In troubleshooting a proportiona control, you Fully open and fully closed & the proper
should make sure the modulating motor moves Seiting
the damper or valve )

12. What should you do if a proportiona control Reverse the two end wires to the

motor runs in the wrong direction?

potentiometer in the contral circuit

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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KEY
TROUBLESHOOT
(3BE1X1-17.5.1)
CORRECT MALFUNCTIONS
(BE1X1-17.5.2)
13. If you receive areading of 135 ohms, from b. Assumed good
your ohmmeter, while testing between terminals
W and B on aproportiona control motor, the
motor should be .
14. If you get areading of zero or infinity on your b. Bad potentiometer
ohmmeter while testing between terminds W
and B on a proportiona control motor, what is
the most probable cause of the problem?
15. What are the three componentsthat mekeup | c.  Sensor, eectronic controller, and fina
an eectronic control system? control device
16. The power source for an eectronic control a Low amperage (4 to 20 mA dc) or low
sysemis : voltage (0 to 15 volts dc)
17. What type of eectronic sensorsis used if d. Andog sensors
conditions, such as pressure or temperature,
are continuoudy changing?
18. What isaRTD? e. Resgtance temperature device that changes
res stance as the temperature changes
19. What is the difference between athermistor and | b.  Thermistors decrease their resistance as the
an RTD? temperature increases
20. Humidity Sensors are sengtive to dirt and c. Fase
vibration, and they do not tend to drift out of
cdibration.

Notice. This AFQTP is NOT intended to replace the applicable technical references nor is it intended to replace
hands-on training. It isto be used in conjunction with these for training purposes only.
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